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Fig. 1 Schematic of the test setup for reaction efficiency of hydrogen production from methanol
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Fig. 2 Thermogravimetric analysis curves of surface precursor membranes: TG (a); DTG (b)
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Fig. 3 FTIR spectra of membrane samples
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Fig. 4 SEM images of the surface of catalytic carbon membranes;: CM-0% (a) ; CM-0.2% (b); CM-0.4% (c);
CM-0.6% (d); CM-0.8% (e); CM-1.0% (); the inset images are the cross-sectional view

2.4 EUKENREE

5 b s XRD &3, & AT e g
FEATE 20=15°~ 28" [l N ¥4t 30 JC 5 JE 7k (002)
s LT 74 S AR DR RN S 0, 3R W e B o R4y 25 2
fEELIZ S5 . LTI, Wit Bragg T HEAAH T
X 7 2% 2 6] B oo (2. K BB NIO 844 2
1R TR R R Hh U S o o A7 B Il A 2l 3R
M1 FE dooy FH 2 0. 44 nm J /N ZE 2y 0. 40 nm, 3 B
NiO fie gk 7 JZ2 o R A 7 S, e
ML S A R BT . 7E 20=26. 2°,44. 5°.51. 8°4b
B NI JC R RRIEAT S0 HHCSR B il 5 2% 1 18 i
HgRS, [RE AR 20~=42. 9B H B FE 4k (100)
TSR0  UE SE A BRI I T s Ay B S 24

0.442 8 nm & Ni
v N1

0.437 2 nm
0.427 8 nm

0.4200nm_;

0.402 7 nm

AEXTHREE /(a.u.)
g

10 20 30 40 50 60
20/(°)
Bl 5 fEfb AR XRD % K]

Fig. 5 XRD patterns of the catalytic carbon membranes
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Table 1 Gas separation performance of NiO-modified catalytic carbon membranes
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Preparation of nickel-based catalytic carbon membranes for

enhanced methanol-to-hydrogen reactions

YU Xin', LI Xinming', ZHU Ziyi', JIAO Dian',
ZHANG Bing', QIU Ping?*

(1. School of Petrochemical Engineering, Shenyang University of Technology » Liaoyang 111003, China;
2. School of New Energy and Materials, China University of Petroleum (Beijing), Beijing 102249, China)

Abstract; A membrane reactor constructed by membrane materials with dual functions of catalysis and

separation is expected to enhance the performance of methanol-to-hydrogen conversion from both

thermodynamic and kinetic perspectives.

Herein,

catalytic carbon membranes were prepared by
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Bifunctional side chain anion exchange membranes with C = O-free backbone

LIU Jinwu', LIU Chang', ZHANG Yang',
JU Jia', CUI Jun®*, ZHANG Fan'

(1. College of Petrochemical Technology, Liaoning Petrochemical University, Fushun 113001, China;
2. College of Life Engineering, Shenyang Institute of Technology, Fushun 113000, China)

Abstract: To enhance the overall performance of anion exchange membranes ( AEMs) under harsh, hot
alkaline conditions, a novel membrane architecture was designed by integrating hydrophobic-hydrophilic
dual-functional side chains in a parallel configuration onto a C = O-free poly(arylene ether) backbone. The
C = O -free backbone was employed to mitigate alkaline-induced backbone degradation, while the dual-
functional side chains were intended to synergistically facilitate the formation of efficient ion-conducting
pathways and provide steric protection for the cationic groups. AEMs with varying side chain lengths were
synthesized and characterized. The membrane incorporating hexyl chains for both functionalities (PEAM-
QC6H6) demonstrated the most balanced property profile. It exhibited a low swelling ratio of 9. 0% at
80 °C, a tensile strength of 38. 9 MPa, and a high hydroxide conductivity of 140. 3 mS/cm at 80 °C.
Remarkably, it retained 92. 4% of its initial conductivity after being immersed in 4 mol/LL KOH at 80 “C
for 1 500 hours. Furthermore, a H,/O, fuel cell assembled with the PEAM-QC6H6 membrane achieved a
peak power density of 1. 18 W/em? at 80 ‘C. This work provides a promising strategy for the molecular
design of durable, high-performance AEMs.

Key words: C = O-free poly(arylene ether) ; hydrophobic-hydrophilic dual-functional side chains; anion ex-

change membrane; ionic conductivity; alkaline stability; single-cell performance
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incorporating NiO as active catalytic component into the matrix of carbon membrane. Thermogravimetric
analysis, infrared spectroscopy, scanning electron microscopy and X-ray diffraction were employed to
systematically investigate the thermal stability, functional group structure, component distribution and
microstructure of the membrane materials. The effect of NiO) amount on the separation performance and
the hydrogen production performance of resultant catalytic carbon membranes was investigated. The
results showed that when the NiO loading is 0. 8%, the prepared catalytic carbon membrane exhibited a H,
permeability of 554. 92 Barrer and a H, /N, selectivity of 42, 39. Under reaction conditions at 320 ‘C and
ambient pressure, the membrane reactor achieved a methanol conversion of 99. 88% and a hydrogen yield
of 53.68%, demonstrating a significant synergistic enhancement between reaction and separation.

Key words: NiQO; carbon membrane; gas separation; membrane reactor; methanol-to-hydrogen



